Background and objectives: The severity of anemia at which to initiate erythropoiesis-stimulating agent (ESA) treatment in nondialysis chronic kidney disease (CKD) patients is unclear. Risk of mortality, hospitalizations, and blood transfusion were compared among nondialysis CKD patients with "early" versus "delayed" ESA initiation.
A nemia is a common complication of nondialysis-dependent chronic kidney disease (CKD) and confers a greater morbidity and mortality (1) (2) (3) (4) (5) (6) (7) and lower quality of life (8) . Consensus-based guidelines endorse the use of erythropoiesis-stimulating agents (ESAs) for treatment of CKDrelated anemia (9) . The efficacy of these agents in raising hemoglobin (Hb) (10) , reducing the need for red blood cell (RBC) transfusion (9) , and improving symptoms has been established (11). Observational studies have also demonstrated that CKD patients receiving ESA treatment have improved survival after the onset of ESRD (12, 13) . However, recent randomized controlled trials (RCTs) of ESAs in CKD comparing a high versus lower Hb target have raised questions regarding the risks and benefits of treatment and the appropriate treatment targets (14) . The recently reported Trial to Reduce Cardiovascular Endpoints with Aranesp Therapy (TREAT) study in anemic diabetic CKD patients did not find a mortality benefit among those treated with darbepoetin compared with placebo and reported an excess risk of stroke. Risk of RBC transfusion was reduced, and a modest improvement in patient-reported fatigue was seen (15) .
Current prescribing information for ESAs recommend against complete correction of anemia in CKD. Nevertheless, an important unresolved question in anemia management in CKD is the severity of anemia at which ESA therapy should be initiated and the relative effect of timing of ESA initiation on preventing subsequent blood transfusions and other morbid events. Although RCTs are considered the gold standard for assessing the efficacy of pharmacotherapy approaches such as Hb thresholds for ESA initiation, observational studies can provide complementary evidence, particularly because they can estimate the effectiveness of a therapy in a "real-world" clinical setting. However, these studies are susceptible to threats to validity, including selection bias and confounding by indication, which need to be addressed in the design and statistical analysis.
The objective of this retrospective observational study is to determine the association of timing of ESA initiation with clinical outcomes, including mortality, hospitalization, and blood transfusion, among nondialysis CKD patients, accounting for potential confounding with propensity matching. We hypothesized a priori that ESA initiation when anemia is moderate (Hb 10 to 11 g/dl) compared with more advanced (Hb 8.0 to 9.9 g/dl) would be associated with a lower risk of each clinical outcome.
Materials and Methods

Data Sources
Data were abstracted from national Veterans Health Administration (VHA) data sets, which collect administrative data across multiple domains of medical care. The specific data files used for this analysis included the Patient Treatment File; the Outpatient Care File; the Decision Support System laboratory result files, which contain results for selected laboratory tests; the Decision Support System laboratory ordering files; the Vital Status File; and the Pharmacy Benefits Management data set (16, 17) .
Study Sample
The study population included patients with incident CKD during one of three time intervals . These periods were selected because they occurred before, during, and after the release of major guidelines for CKD management (18). Active outpatients with an initial estimated GFR (eGFR) Ͻ 60 ml/min/1.73m 2 (based on outpatient creatinine) within one of the three time periods were identified; subjects were further required to have eGFR Ͻ 60 ml/min/1.73m 2 at the time of ESA initiation. Patients with subsequent outpatient ESA use on or after their date of initial low eGFR and with outpatient Hb 8.0 to 11.0 g/dl preceding treatment were eligible for inclusion. Other inclusion criteria included evidence of provider recognition of anemia, defined as one or more of the following within 6 months before initiation of ESA: (1) diagnosis code of anemia; (2) laboratory testing relating to anemia; and (3) an outpatient prescription for iron, folic acid, or vitamin B12. Exclusion criteria were designed to identify patients who were likely to have other causes for anemia. These included ESA use before incident CKD, hematologic malignancy, chemotherapy recipient, or hospitalized gastrointestinal bleeding on the basis of inpatient and outpatient International Classification of Diseases, 9th Revision, Clinical Modification diagnosis codes. Furthermore, we excluded patients with ESRD at ESA initiation (receiving maintenance dialysis at the Veterans Administration (VA) or eGFR Ͻ 10 ml/min/1.73m
2 ).
On the basis of outpatient Hb levels measured before ESA initiation, patients were characterized as having "early" ESA initiation (Hb 10.0 to 11.0 g/dl) or "delayed" ESA initiation (Hb 8.0 to 9.9 g/dl). Patients with pre-ESA Hb values Ͻ8.0 g/dl or Ͼ11.0 g/dl were excluded.
Covariates
Patient characteristics that might relate to ESA timing and/or morbidity/mortality were abstracted and considered as potential matching covariates. These characteristics included demographics (age, gender, race), comorbidity defined by inpatient and/or outpatient diagnosis codes any time before the ESA use [diabetes, cardiovascular diseases, chronic lung disease, viral hepatitis, nonhematologic cancer (except nonmelanomatous skin cancer)], outpatient medications within 6 months before ESA initiation (iron preparations, B12 and folic acid, and angiotensin converting enzyme inhibitors/angiotensin receptor blockers), healthcare utilization within the 6 months before ESA use, and socioeconomic factors (insurance, service-connectedness to VA, homelessness, income, and distance to the nearest VHA facility). Outpatient laboratory data included creatinine and Hb within the 6 months before ESA initiation; GFR was estimated using the four-variable Modifications of Diet in Renal Disease equation (19) . For each patient, we identified the highest outpatient Hb within these 6 months and computed the linear slope of Hb change preceding treatment initiation.
Outcomes
The primary outcomes were all-cause mortality, all-cause hospitalization, and receipt of a RBC transfusion. Mortality was determined from the Vital Status file, which captures mortality and date of death from several VHA sources and from the Social Security Administration (20) . Acute-care hospitalization for any cause was ascertained from the inpatient care data files, and RBC transfusion was ascertained through inpatient and outpatient procedure codes.
Statistical Methods
Patient characteristics were compared between those with early versus delayed ESA initiation using 2 and t tests, as appropriate. Those patients with early versus delayed ESA initiation were expected to differ with regards to important prognostic factors that might confound the outcome analyses. Thus, we used propensity matching to balance the two groups with respect to known characteristics (21) . In this method, the propensity or likelihood of receiving early versus delayed ESA treatment given their covariate profile was estimated for each patient; each patient who actually received early ESA initiation was matched to a patient who received delayed initiation but had a similar propensity score. Nonparsimonious multiple logistic regression was used to estimate the propensity for early ESA initiation, including as potential covariates those factors that differed (P Ͻ 0.10) between the early and delayed groups and significant (P Ͻ 0.10) interaction terms. A final propensity-score model was developed containing nine main covariates (race, use of angiotensin converting enzyme inhibitors or angiotensin receptor blockers, prior nephrology care, diabetes, comorbidity index, elapsed time from prior Hb to ESA initiation, prior RBC transfusion, the highest outpatient Hb within prior 6 months, and the linear slope of outpatient Hb change) and one interaction term (RBC transfusion ϫ days from prior Hb to ESA initiation). The c-statistic for this model was 0.69; predictive accuracy did not improve after inclusion of additional covariates or nonlinear continuous covariates. One-to-one nearest-neighbor matching (caliper: 0.02 probability) was used to match individuals in the early and delayed ESA groups, and those participants without a corresponding match were excluded.
The differences in survival and time to first hospitalization and blood transfusion were compared using Kaplan-Meier methods and the logrank test. At-risk time was defined from the date of ESA initiation until the outcome of interest (death, hospitalization, or transfusion), with censoring on the first of loss to follow-up, development of ESRD, death, or May 31, 2007 (last date of available data). The rationale for censoring on ESRD is that outcome data for VHA patients after the initiation of renal replacement therapy is incomplete. Cox proportional hazards models were used to estimate the hazard ratio (HR) of mortality, hospitalization, and blood transfusion between the matched groups. Negative binomial regression was used to compare rates of all hospitalizations and RBC transfusions (initial and recurrent). For Cox and negative binomial models, robust variance estimators were used to account for within-matched pair correlation. Interaction with prior hospitalization and prior RBC transfusion was examined by testing appropriate interaction terms.
Results
Study Sample
A total of 8034 patients were prescribed outpatient ESAs on or after their initial low eGFR (Figure 1 ). Of these, 918 (11.8%) had been receiving ESAs before their initial low eGFR, and an additional 2475 patients were excluded because their most recent eGFR before ESA initiation was Ն60 ml/min/1.73m 2 ; most (75%) were under the care of a hematologist-oncologist. After additional exclusion criteria, 1837 patients remained (Figure 1 ). Of these, 840 (46%) were categorized as having early ESA initiation and 997 (54%) had delayed initiation. Table 1 compares the characteristics of these two groups at the time of ESA initiation. Compared with the early group, the delayed group was significantly more likely to be Caucasian and to have a high comorbidity index, lack of insurance, and a recent RBC transfusion or acute-care hospitalization. The delayed group was also less likely to have diabetes. Furthermore, the delayed initiation group had a significantly faster mean decline in Hb over the 6 months preceding ESA initiation and had a shorter duration from their last Hb measurement to ESA initiation.
Propensity Score and Matching
After propensity matching, 705 patients with early ESA initiation were successfully matched (within a 0.02 difference) to patients with delayed initiation (76% of total sample matched). Compared with those who were successfully matched, those who were not matched and excluded were younger; more likely to be African American; and to have a history of cancer, a prior blood transfusion, and hospitalization. After matching, there were no significant clinical differences between the early and delayed initiation groups ( Table 1) .
Association of Early versus Delayed ESA Initiation with Mortality
Over a median 1.8-year follow-up, total mortality was 13.9/ 100 person-years (early ESA: 13.7/100 person-years; delayed: 14.9/100 person-years). Cumulative mortality did not differ significantly between the propensity-matched groups ( Figure  2a ; log-rank P ϭ 0.4). The HR in the early versus delayed group was 0.90 [95% confidence interval (CI) ϭ 0.74 to 1.10; Table 2 ]. No statistical interaction was noted between ESA initiation group and the presence of nephrology subspecialty care, history of recent RBC transfusion, or duration of CKD (P Ͼ 0.4).
Early versus Delayed ESA Initiation and Acute-Care Hospitalization
The cumulative proportion (Kaplan-Meier method) without hospitalization was 45.2% within the first year and 19.7% at 5 years (Figure 2b) , with a significantly lower proportion in the delayed group. Compared with those with delayed ESA initiation, patients with early initiation had a 17% lower risk of hospitalization ( Table 2 ). The association of early ESA initiation with subsequent initial hospitalization was similar between those not hospitalized in the 6 months before ESA initiation (n ϭ 708; HR ϭ 0.75; 95% CI: 0.61, 0.92) and those who were hospitalized in the 6 months before ESA use (HR ϭ 0.88; 95% CI ϭ 0.75, 1.05; test for interaction: P ϭ 0.3). Likewise, there was no significant difference in the association of early ESA initiation with hospitalization between those with and without prior RBC transfusion, nor between those with different duration of CKD (P Ͼ 0.3 for tests of interaction). After excluding those hospitalizations in which RBC transfusion occurred, the difference in hospitalization risk between early and delayed ESA groups was attenuated (HR ϭ 0.90; 95% CI ϭ 0.80, 1.03).
The total hospitalization rate (initial and recurrent) was 96.7/ 100 person-years. There was no difference in the rate of overall hospitalizations between those with early and delayed ESA initiation (Table 3) .
Early versus Delayed ESA Initiation and Blood Transfusion
The cumulative proportion (Kaplan-Meier method) without packed RBC transfusion was 79.0% in the first year and 55.5% within 5 years. Patients with early ESA initiation had a substantially lower cumulative incidence of transfusion compared with propensity-matched patients with delayed initiation (Figure 2c , P Ͻ 0.001), with a 29% lower risk (HR ϭ 0.71; Table 2 ). The association of early ESA initiation and subsequent transfusion did not differ between those with and without pre-ESA transfusion (P ϭ 0.98) or between those with and without pre-ESA hospitalization (P ϭ 0.2 for test of interaction).
The rate of all blood transfusion episodes (first and recurrent) Figure 1 . Flow of subjects included in analysis. after ESA initiation was 37.7/100 person-years and was 31% lower among those with early initiation (incidence rate ratio ϭ 0.69; Table 3 ). The association of early ESA initiation with overall rate of transfusion was not different between patients with and without pre-ESA transfusion (test for interaction:
Sensitivity Analysis
Using an alternative definition of delayed ESA initiation (Hb 6.0 to 9.9 g/dl), the results after propensity matching were not materially different for risk of mortality (HR ϭ 0.84), transfusion (HR ϭ 0.71), or hospitalization (HR ϭ 0.83).
Discussion
In this retrospective national cohort study of veterans with nondialysis CKD and anemia, patients with early ESA initiation (Hb between 10.0 and 11.0 g/dl at time of ESA initiation) had a 17% lower risk of initial hospitalizations, a 29% lower risk for initial transfusion, and 31% lower rate of all blood transfusions compared with patients with delayed ESA initiation (Hb 8.0 to 9.9 g/dl). The association of early ESA initiation with time to hospitalization and transfusion was not significantly different between those with and without blood transfusion before ESA use. In contrast to these associations observed with transfusion and hospitalization, no significant mortality difference was observed between the groups. These associations with a reduced risk of hospitalization and blood transfusion are especially notable in light of the very high rates of these events in the study population. Because Ͼ95% of transfusions occurred during a hospitalization, it is possible that the lower risk of transfusion in the early initiation group accounted for their lower risk of initial all-cause hospitalization. The risk of hospitalizations in which transfusions did not occur was not significantly lower in the early initiation group; however, because of the administrative nature of the data set, we cannot be certain of the indications for the hospitalizations that occurred in this study population.
The approach to treatment of anemia in nondialysis-dependent CKD has changed since the release of the Correction of Hemoglobin and Outcomes in Renal Insufficiency (CHOIR) and Cardiovascular Risk Reduction by Early Anemia Treatment with Epoetin ␤ (CREATE) study results (14, 22) , in which more complete correction of Hb with ESAs was associated with no cardiovascular benefit (CREATE) or increased cardiovascular risk (CHOIR) compared with partial correction. Current ESA prescribing guidelines recommend against increasing Hb above 12 g/dl. However, within these prescribing parameters, it remains unclear whether it is preferable to wait to initiate ESA treatment until a patient's Hb falls below 10 g/dl or to begin ESAs when anemia is less severe to avoid potential complications of untreated anemia. The results of this observational study suggest that initiating earlier may reduce the risk of blood transfusion-a major goal of ESA therapy-as well as hospitalizations. In contrast, early initiation was not associated with mortality risk. These mortality and transfusion findings are generally consistent with those of the TREAT study, in which nondialysis diabetic CKD patients with Hb Ͻ 11 g/dl were randomized to darbepoetin (target Hb 13 g/dl) or placebo. The risk of transfusion was 44% lower in the active treatment group, but no difference in mortality was observed. Noninterventional studies of the effects of medical interventions are often more susceptible to the effects of confounding because of channeling of specific interventions to patients with worse prognoses. With multivariate regression techniques, residual confounding may still persist. In these situations, matching subjects on their likelihood of treatment given their covariate history (propensity-score matching) may help to minimize residual bias. However, the success of this approach depends on how well balanced the two treatment groups are with respect to known covariates; as part of this matching process, "extreme outliers," or those subjects for whom there is no comparable patient in a different treatment group, are excluded (21, 23, 24) . In this analysis, there was very close covariate balance (Table 2 , right half) between the two matched treatment groups, particularly with respect to important prognostic indicators including age, kidney function, comorbidity, and previous hospitalizations. Propensity-score matching can control against measured confounding but does not directly control confounding by unmeasured factors, including other healthcare treatment decisions in addition to the timing of ESA initiation. Therefore, the possibility of such unmeasured confounding cannot be excluded.
We hypothesized that differential duration of kidney disease between those with early and delayed ESA initiation might be a potentially important threat to validity. If those with early ESA initiation were treated earlier in their course of CKD, then an apparent benefit might be observed even if the natural history of the disease was unchanged ("lead time bias"). However, the propensity-matched cohorts did not differ in duration or severity of CKD, and the association of early ESA initiation with outcomes did not differ by duration of CKD. Other limitations include the possibility of incomplete ascertainment of outcomes and exposures. Although mortality ascertained in the VHA data are highly complete (20) , patients may have required blood transfusions and hospitalizations and received ESAs from sources other than the VA that would not be ascertained in this study. However, the two matched treatment groups had high levels of contact with the VA system before ESA initiation and were similar with regards to demographics and connection with the VHA system such that any misclassification of outcomes or ESA use would not be expected to differ greatly. An additional limitation is that information regarding prescribed ESA doses was not available.
The study population, representing active outpatients in the VHA, is overwhelmingly male; however, there is no reason to expect the association of timing of ESA initiation and blood transfusion to differ between men and women. On the other hand, the study presented here includes a large national cohort of patients with CKD and anemia, reflecting the real-world practices of providers in the VHA. As such, it offers potentially greater external validity than RCTs, which typically enroll a selected population with lower morbidity and mortality compared with the general population with the disease being studied (25, 26) . For example, 1-year mortality in this study was 17.6% versus Ͻ10% in the TREAT study, despite similar subject age.
In conclusion, among a large national cohort of ESA-treated nondialysis-dependent CKD patients with anemia, ESA initia- tion at a Hb 10.0 to 11.0 g/dl was associated with a significantly lower risk of initial hospitalization and lower rate of subsequent blood transfusions compared with ESA initiation at a Hb level 8.0 to 9.9/dl after controlling for measured confounding by propensity-score matching.
